isonatraemic, and 85 (6-4%) hypernatraemic. The incidence of hyponatraemia increased with age, while the incidence of hypernatraemia decreased with age. There was a strong relation between types of dehydration and nutritional state. The incidence of hyponatraemia was directly related to the degree of malnutrition. The case fatality rates for types of dehydration were 10 1% in hyponatraemia, 3 8% in isonatraemia, and 1-2% in hypernatraemia. These observations suggest that hyponatraemia is a serious complication of diarrhoea in Bangladesh.
Introduction
Dehydration as a result of diarrhoea continues to be a leading cause of death in children, especially in developing countries. ' In areas where infant malnutrition is prevalent acute gastroenteritis is common and there is a tendency towards serious complications.2 Although in Western countries the various types of dehydration have been studied in small numbers, hypernatraemia is frequently recorded in diarrhoea with a higher mortality rate.3-6 The incidence of specific types of dehydration in developing countries where malnutrition is prevalent has not been well documented. Nevertheless, a few reports indicate a higher incidence of hyponatraemia, which is associated with International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR,B), GPO Box 128, Dhaka-2, Bangladesh AZIZ R SAMADI, MD, DPH, scientific programme head, disease transmission MOHAMMAD A WAHED, BSC, senior research officer MOHAMMAD R ISLAM, MB, DTM&H, associate scientist SYED M AHMED, MB, BS, research trainee (clinical research) malnutrition.7-'0 Hypernatraemia is reportedly rare in developing countries, possibly because of the high prevalence of malnutrition. 78 We present the results of a retrospective analysis of the types of dehydration in relation to age and nutritional state of children admitted to the general ward of this hospital for diarrhoea with complications.
The ICDDR,B, formerly the Cholera Research Laboratory, is a specialised centre for research in diarrhoeal diseases in the region. The ICDDR,B Health Complex, Dacca, comprises a treatment centre, general ward, and study ward. All cases of diarrhoea with complications are admitted to the general ward for intensive medical care, while uncomplicated cases are treated in an ambulatory treatment centre. Patients for research are admitted to the study ward. The health complex treats about 100 000 cases of diarrhoea a year"1 in patients from the Dacca metropolitan area and beyond.
Materials and methods
During 1979 a total of 3716 patients with diarrhoea and complications were admitted to the general ward, of whom 1382 were children aged less than 3 years. Of these, 1330 children met our criteria and were accepted into the study. On admission a complete medical history was obtained from the parents of each child and a physical examination performed. Measurement of serum electrolytes, stool microscopy, and stool culture were done along with other routine laboratory examinations. Blood for electrolyte estimations was taken on admission and serum electrolytes measured on an I-L flame photometer.'2 Our biochemistry laboratory uses a quality control system of samples from the World Health Organisation." The height and weight of the children were recorded after complete rehydration.
All the children had mild to severe dehydration and were treated intravenously with acetate solution13 for initial rehydration followed by either physiological saline or half strength saline plus 5 ',' dextrose, depending on the serum sodium concentration received from the laboratory within six to eight hours. The types of dehydration were defined as hyponatraemic (serum sodium concentration < 130 mmol (mEq),ll), hypernatraemic (serum sodium concentration > 150 mmol/l), and isonatraemic (serum sodium concentration 130-150 mmol/1).14 1" Nutritional state of the children was assessed by the Gomez classification using weight for age.'6 Bairagil7 confirmed that weight for age is a better screening test for malnutrition than weight for height. Using weight over age (expressed as a percentage) and the standards of the National Center for Health Statistics' 8 we calculated normal nutritional state to mild malnutrition as .7500 of the 50th percentile, moderate malnutrition as 74-600O of the 50th percentile, and severe malnutrition as < 60',' of the 50th percentile. In assessing the nutritional state of the dead children we used a weight adjusted for the degree of dehydration instead of the post-rehydration weight, since most of the deaths occurred before rehydration was complete.
The distribution of types of dehydration by age groups and nutritional categories was tested by 2 x k x2 contingency table. The relative risks of age, nutritional state, and type of dehydration for case fatality were calculated. The relative risks were obtained by arbitrarily defining the first attribute as a reference point and assigning it a relative risk of 10 for comparison. The difference in case fatality distribution by age, nutritional state, and type of dehydration was tested by 2 x k X2 contingency table. The difference between the two serum sodium means was analysed by Z test. 
Results
Of the 1330 children, 276 (20-8%",,) were hyponatraemic, 969 (72-8",,)
isonatraemic, and 85 (6-4",,) hypernatraemic. The mean serum sodium concentrations ( SD) in the three groups were 1246-61 4-2 mmol(mEq)/1,137-2 -4-8mmol/l,andl56-1 6-4mmol/l,respectively. Figure 1 shows the incidences of the different types of dehydration at various ages. The difference in incidence of isonatraemia among the different age groups was not significant ()2 test: 2 df= 0-07, p 0-05).
The difference in incidence of hyponatraemia among -the different age groups was significant (Z2: 2 df = 8-12, p < 0-02), and the incidence increased with age ( 2for linear trend = 8-11, p < 0-01). The difference in distribution of hypernatraemia among the age groups was significant (X2: 2 df=25-78, p < 0-001), and the incidence decreased with increasing age (X2 for linear trend = 25-70, p < 0 001). The incidences of hypernatraemia and hyponatraemia were related to age. The incidence of hypernatraemia decreased with increasing age, while the incidence of hyponatraemia increased with age. These trends in incidences of hypernatraemic and hyponatraemic dehydration in relation to age followed the growth pattern of these children. Khan et all9 showed that the growth of children in Meheran (Bangladesh) was satisfactory for the first four months of life, but that subsequently the gap between the Boston standard and the growth of these children gradually widened. This may explain the high incidence of hyponatraemia and low incidence of hypernatraemia in children over 1 year of age. These findings suggest that poor nutritional state is a risk factor for development of hyponatraemia.
We also observed a significant relation between serum sodium concentration and nutritional state. The mean serum sodium concentration irrespective of type of dehydration was lower in severe malnutrition than in moderate malnutrition and lower in moderate malnutrition than in the normal nutritional 673 state or mild malnutrition. The incidence of hyponatraemia was directly related to the degree of malnutrition. In contrast, the incidence of hypernatraemia was inversely related to the degree of malnutrition. These findings confirm our belief that moderately and severely malnourished children are more prone to develop hyponatraemic than hypernatraemic dehydration. The explanation for these findings may be that the poor reserves of electrolytes and other nutrients in malnourished children cannot compensate for accumulated losses of sodium.
In examining the relative risk of age, nutritional state, and types of dehydration for case fatality, case fatality was relatedto serum sodium concentrations rather than age group or nutritional state. In hyponatraemia case fatality was 10 times higher than in hypernatraemia and 2 5 times greater than in isonatraemia. Although the incidence of hyponatraemia was related to age and degree of malnutrition, case fatality was not associated with these factors. The high mortality in hyponatraemic dehydration may be due to vascular volume, which is less well preserved in hyponatraemic dehydration than in hypernatraemic or isonatraemic dehydration. This may explain the high mortality in hyponatraemic and low mortality in hypernatraemic dehydration.
Although our knowledge about the dietary patterns of these children in relation to types of dehydration is scanty, the results of this study document the high incidence and high case fatality rate of hyponatraemic dehydration. Thus in contrast to hypernatraemia, hyponatraemia is a serious complication of diarrhoea among children admitted to hospital in Bangladesh.
Introduction
The Hemoccult test has been widely advocated to screen for colorectal cancer1 2 but no prospective studies have compared its efficacy with conventional investigation nor examined its value
